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Abstract 
This paper examines the interaction and influences 
between the virtual and the real in Augmented 
Reality (AR). We explore how real objects can 
affect virtual objects and vice versa. Our work is 
based on theoretical considerations, a review of 
existing research and artworks as well as our own 
initial series of experiments. We argue that virtual 
and real objects can not only simulate influences 
that exist between real entities, but also influence 
each other in new and imaginary ways that have no 
equivalent in the physical world.  	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In Augmented Reality (AR), virtual con-
tent is added to our real environment. 
This enables new and unique relation-
ships between the two. So far, much 
work in the field has focused on scenari-
os where virtual and real objects appear 
to coexist in the same physical space. By 
contrast, our research is concerned with 
AR (art)works in which the virtual and 
the real not only coexist but also influ-
ence and interact with each other. We 
envision scenarios where real wind 
moves virtual leaves, where real doors 
open for virtual objects (see Fig. 1), 
where virtual singers shatter real glass 
and where virtual objects get wet when it 
rains. Moreover, we hope for the crea-
tion of works in which virtual and real 
objects interact in novel ways and where 
AR allows us to experience influences 
between objects that cannot exist in a 
purely physical world.  
Our research is inspired by two simple 
theoretical considerations. First, that the 
virtual is free from physical laws. Hence 
new forms of interaction could be possi-
ble. Second, that the virtual cannot di-
rectly apply forces to real objects. As a 
consequence, interactions that we know 
from the physical world might not be 
possible. This inspires us to ask the fol-
lowing questions: 
 
• What types of interaction between 
the virtual and the real are possi-
ble? 
• When/how can the real affect the 
virtual? 
• When/how can the virtual affect the 
real? 
• What makes the interaction believ-
able?  
• Which problems do arise? 
• Which possibilities do emerge? 
 
In order to explore the possible interac-
tions and influences between the virtual 
and the real in AR, we have reviewed 
existing AR (art)works and literature and 
have also conducted an initial series of 
experiments. Our research is motivated 
by our own fascination with the topic 
and is intended to foster experiments, 
artworks, exchange, and discussions 
among scientific, augmented reality, and 
electronic arts communities. Further-
more, we intend to learn more about the 
fundamental characteristics of AR and 
its possibilities for electronic art.  
Research Context 
We are interested in AR scenarios in 
which the real affects the behavior of the 
virtual and/or the virtual affects the be-
havior of the real.  
An interactive installation in which 
the real environment affects the behavior 
of virtual objects is the car racing game 
Room Racers [1] by Lieven van 
Velthoven. Unlike traditional computer 
games, which are displayed on a screen, 
this game takes place in real space. Vir-
tual cars are projected onto the player’s 
floor. Real objects, such as shoes, keys 
and toys are placed on the ground and 
define the racing course. During the 
game, players can steer the cars around 
the track with traditional game consoles. 
The physical objects act as obstacles that 
cannot be crossed by the virtual cars. In 
our work, we are interested in taking 
influences between the virtual and real 
one step further. We consider cases in 
which the virtual is not only affected by 
something real but also influences the 
real in return. We call such bi-directional 
influences interaction. 
The idea of interactions between the 
virtual and the real is also present in AR 
research. Several studies have introduced 
physics simulation in AR and with it 
interaction between virtual and real ob-
jects (see, for example, [2,3,4]). What 
sets our work apart from many existing 
studies is our interest in novel forms of 
interaction. We are not only concerned 
with realistically simulating interactions 
that we know from the physical world 
but wonder: Does AR allow us to realize 
imaginary influences that could not exist 
in a purely physical form?  
Our work can be regarded as a re-
sponse to the research undertaken by 
Kim, Kim and Lee [5]. The authors 
demonstrate that problems can arise 
when real and virtual objects collide 
because virtual objects cannot apply 
forces to real ones. We have observed 
the same phenomenon and explicitly 
explore ways in which the virtual can 
(appear to) affect the real. 
We focus on interaction between vir-
tual and real objects. The interaction 
between users and virtual content falls 
out of the scope of this paper.  
This research builds upon our preced-
ing work regarding the believability of 
the behavior of interactive artworks [6] 
and our studies on the relationships be-
tween the virtual and the real [7]. In the 
latter, we have argued that these rela-
tionships are a defining aspect of AR and 
we have identified interaction between 
the virtual and the real as a promising 
area for future research.  
 
Exploration 
In order to explore if and how the virtual 
and real can interact, we conducted an 
initial series of experiments that test our 
theories and serve as illustrative exam-
ples.  
 
Realism 
The first experiments explore to what 
degree virtual and real objects can (ap-
pear to) physically interact like real ob-
jects. 
Example 1: Bouncing Ball 
Our first simulation recreates (what we 
consider) a simple real-world interaction: 
a ball that bounces on a surface (similar 
experiments have been conducted by 
Valentini and Pezzuti [8], Kim et al. [9] 
and Chae and Ko [10].) Our setup con-
sists of a laptop that runs self-written 
Fig. 1. Real doors open for virtual objects.  
(© Hanna Schraffenberger and Edwin van 
der Heide.) 
 
 
Max/MSP/Jitter software and a webcam 
that provides a live-view of the environ-
ment. The software integrates the virtual 
ball in the view of the environment. In 
order for the ball to react to its real sur-
roundings, we have created a virtual 3D 
reconstruction of the environment and 
aligned it with the real scenery. Further-
more, we have assigned virtual physical 
properties such as mass and restitution to 
the virtual elements and applied gravita-
tional forces (using the Max/MSP/Jitter 
physics engine). The experiment is a 
success: When we start the simulation 
and view the environment through the 
screen, a virtual ball appears to bounce 
on the desk in front of us (see Fig. 2). 
The outcome shows that it is possible 
to simulate certain existing real-world 
interactions in AR. However, on second 
thoughts, it becomes clear that the virtual 
ball does not have any effect upon the 
real table. In fact, the example only 
shows that the real can influence the 
virtual.  
Example 2: Dominoes 
As a next step, we deliberately chose a 
scenario that seemed bound to fail. In 
this experiment, a virtual ball collides 
with a row of real dominoes (see Fig. 3). 
Initially the screen shows the virtual ball 
heading towards the real dominoes. Just 
like in the previous example, the virtual 
ball reacts to the real: the moment it hits 
the first stone, the ball changes its direc-
tion and turns back. However, unlike in 
the real world, the stones do not fall.  
This behavior contradicts our expecta-
tions and is not believable. We seem to 
expect a realistic response and want to 
see the stones falling. Clearly, problems 
can arise due to the fact that the virtual 
cannot directly affect the real. This prob-
lem has been noted earlier by Kim et. al 
[11] who call this the ‘physical artifact’. 
Intrigued by the problem, we ask: What 
possibilities are there for the virtual to 
influence the real? What forms of inter-
actions are believable nevertheless? 
 
The Virtual Affects the Real  
There are several possible ways in which 
the virtual can affect the real. One possi-
bility is to work with hybrid objects that 
have both a virtual and a physical pres-
ence. We have explored these options by 
extending the previous examples.  
Example 3: Falling Stones 
In this example, again, a virtual ball is 
heading towards a row of dominoes. 
However, this time, when the ball hits 
the first domino stone, the stones start 
falling. This happens because we have 
extended the virtual sphere with a physi-
cal body — a real ball acts as the physi-
cal counterpart for the virtual ball. While 
looking at the scenery directly, one sees 
a physical ball. The screen, however, 
shows a virtual ball instead. We realized 
this by analyzing the camera-image and 
replacing the real ball with a virtual one. 
What makes this interesting is that we 
can also replace the real ball with any 
other virtual object and thereby give it 
qualities that the real object does not 
have. This approach is found in the 
commercial product Sphero, a robot ball 
that – when viewed with the correspond-
ing smartphone app – is turned into a 
virtual beaver [12].  
Example 4: Resonating Desk 
Physical interaction cannot only be ob-
served visually. If we compare our 
bouncing-ball example with the bounc-
ing of a real ball, we notice that some-
thing is missing in our simulation. When 
the real ball hits the table, the collision 
produces a distinct sound – the table 
resonates. Also in the simulation, the real 
should react to the impact of the virtual. 
In order to achieve this, we have extend-
ed the experiment and trigger matching 
sound samples when the virtual ball and 
the virtual representation of the table 
collide (we use the magnitude of the 
collision to calculate the volume and 
randomly choose one of several impact-
sounds each time). This example shows 
that sometimes we need to extend real 
objects ( – the table – ) by means of the 
virtual ( – the sound samples – ) in order 
to simulate a realistic response.  
Actuators 
A yet different approach is to extend the 
real with electronics such as actuators 
[13]. The virtual can then move or trans-
form the real by controlling these actua-
tors. Kang and Woo [14] have 
implemented this concept. In their re-
search, they extend a physical toy cart 
with electronics so that a virtual charac-
ter can push and pull the cart. Likewise, 
one can modify those real objects that 
already are equipped with electronics 
that react to the environment. For exam-
ple, automatic doors that open when 
someone enters the space in front of 
them can be modified to also open when 
something virtual moves in front of 
them. 
Analogue Interaction 
The interactions discussed so far rely on 
computer-simulation. An artwork that 
demonstrates that real objects can inter-
act with virtual content without the use 
of simulation-techniques is Radioscape 
by Edwin van der Heide [15,16]. The 
installation consists of several radio 
transmitters that are distributed over a 
part of a city. Each transmitter broad-
casts one layer of a meta-composition. 
Listeners can pick up several signals at a 
time with a custom developed receiver. 
The volume of the single layers depends 
on the listener’s distance from the corre-
sponding transmitters. Due to the chosen 
wavelength, buildings become conduc-
tors and resonators for the transmitted 
signals. The physical environment is 
excited by and responds to the transmit-
ted radio waves, ultimately affecting the 
virtual content and influencing what one 
hears. Although this interaction happens 
in the physical domain, we can argue 
that the virtual content interacts with the 
physical landscape. Another example of 
interaction that occurs solely in the phys-
ical domain is a virtual opera singer who, 
when their voice hits the right pitch and 
is played back at the right volume, shat-
ters a real glass.  
 
Imagination 
The preceding exploration has shown 
that the virtual and the real can influence 
each other and that real-world interac-
tions can be simulated in AR. In the fol-
lowing, we propose that, besides 
simulating reality, there is another way 
Fig. 2. A virtual ball is bouncing on a real table. Four snapshots from the live-view.      
(© Hanna Schraffenberger and Edwin van der Heide.)  
Fig. 3. A virtual ball approaches a row of dominoes (frame 1 and 2), hits the first stone 
(frame 3) and rolls back (frame 4). Unlike in the real world, the stones do not fall.         
(© Hanna Schraffenberger and Edwin van der Heide.) 
 
of creating believable influences be-
tween the virtual and the real: imagina-
tion.  
The virtual does not have to obey physi-
cal laws. Hence, it can behave in novel 
and unrealistic but – according to our 
hypothesis – nevertheless believable 
ways. We do not think that virtual ob-
jects have to move like real objects in 
order to appear believable. More funda-
mentally, virtual objects do not have to 
represent real objects. For example, we 
can easily imagine a virtual ghost that 
floats through real walls. Just as we ac-
cept imaginary objects with their own 
behaviors in books, computer games and 
in cinema, we can accept different sorts 
of objects and different forms of behav-
ior in AR. Presumably, if the virtual 
represents a real object and behaves like 
a real object, we expect it to affect the 
real environment just like a real object. 
However, we assume that if the virtual 
does not appear and behave like a real 
world object, we do not have such ex-
pectations. Are these assumptions true? 
What makes a certain behavior believa-
ble? What influences can we imagine?  
Example 5: Attractive Colors 
We have explored a first scenario in 
which virtual objects react to the real 
environment in an imaginative way. In 
this experiment, virtual objects are at-
tracted by real objects of like colors. The 
setup includes a cloud of small virtual 
spheres – half of them with bluish colors 
and the other half with yellowish colors 
and one blue and one yellow rubber ball. 
As soon as the rubber balls enter the 
scene, they attract spheres of like colors 
(see Fig. 4). Although the virtual spheres 
do not imitate the behavior of real ob-
jects and do not obey the same physical 
laws as real objects, the relationship 
between the virtual and the real is easily 
understood, intuitive and believable. The 
fact that the virtual has no influence on 
the real is not a problem.  
Even though the example is based on 
physical forces (attraction), it leaves 
behind the realm of realistic physical 
interaction as we know it. It becomes 
clear that the virtual does not have to 
behave like a real object in order to be 
believable. Furthermore, the example 
shows that influences between the virtual 
and the real bring great possibilities for 
interaction between an audience/user and 
the augmented environment: If physical 
objects influence virtual ones, the audi-
ence can interact with the augmented 
environment simply by interacting with 
physical objects [17].  
 
Conclusions & Future Directions 
Our exploration has shown that influ-
ences between the virtual and the real 
can take different forms. Firstly, they can 
simulate influences that exist between 
real entities. In addition to this, they can 
also take on new and imaginary forms 
that have no equivalent in the physical 
world. In line with this, there are two 
approaches to creating believable influ-
ences and interactions: the imitation of 
reality and the creation of imaginary 
realities. Kim et al. have claimed that in 
order for virtual objects to move as if 
they coexisted with real ones, they 
should obey the same physical laws as 
the real objects [18]. Judging from our 
current exploration, this is not necessary. 
Future work (both research and art-
works) can explore the ways in which 
the virtual and real can interact in AR in 
novel ways.  
In the course of this exploration, we 
have focused on visual AR. In the future, 
it would be especially interesting to ex-
plore the possibilities of non-visual, mul-
timodal and crossmodal interactions and 
to include other physical properties of 
the environment. For example, real wind 
might move virtual leaves and the tem-
perature of the environment might affect 
the behavior of virtual creatures.  
We have noticed that influences be-
tween virtual and real objects support 
interaction between users/audiences and 
the virtual content. We would like to 
explore this interaction in the future.  
We hope this research will inspire both 
researchers and artists to explore the 
topic further. We believe that relating the 
virtual and the real by means of interac-
tion can result in exciting artworks as 
well as novel manifestations of AR. We 
hope that our research serves as a first 
step towards works in which the virtual 
and the real not only coexist but also 
interact.  
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